Introduction {#S0001}
============

Since the 1950s, coronary heart disease (CHD) has become a major noncommunicable disease with a tremendous public health burden. CHD is divided into five types: asymptomatic myocardial ischemia, angina pectoris, myocardial infarction, ischemic heart failure and sudden death. The World Health Organization has reported that 740 million people died of CHD in 2012.[@CIT0001] According to the 2018 China Cardiovascular Disease Report, there were 290 million cardiovascular patients in China, 11 million of whom had CHD.[@CIT0002] CHD is especially detrimental to the middle-aged and the elderly populations,[@CIT0003] and with an increasing aging population, China will be confronted with a serious problem in that more elderly people may suffer from CHD. Therefore, it is important to identify the risk factors for CHD among the elderly.

Meteorologically, China is characterized by a temperate monsoon climate, and compared to other countries in the same latitude, winter in China is the coldest. The area selected for this study is located in Northeast China and has a typical temperate continental monsoon climate that is characterized by a large annual temperature difference, concentrated precipitation, four distinct seasons and low annual rainfall. Some studies have shown that meteorological factors have an impact on CHD[@CIT0004],[@CIT0005] with air temperature playing an important role as both low and high air temperatures may cause an increase in CHD mortality.[@CIT0006]--[@CIT0009] To date, most studies have focused on the relationship between air temperature and CHD mortality, while few studies have addressed the relationship between air temperature and CHD morbidity. Further, previous studies had not adjusted their analyses for the confounding effects of other meteorological factors, and most studies focused on extreme events, with few studies assessing the effects of moderately high or low temperatures. Therefore, this study aims to investigate the relationship between air temperature and acute CHD morbidity after adjusting for meteorological variables such as air pressure, wind velocity, relative humidity, sunshine duration, and water vapor pressure in temperate continental monsoon climate, especially during winter, in Tongliao, Northeast China.

Materials and Methods {#S0002}
=====================

Health Data {#S0002-S2001}
-----------

Data on daily hospital admissions for CHD were collected from the electronic records of the Horqin District First People's Hospital of Tongliao, from January 2017 to June 2019. Data retrieved included admission date, diagnostic code of each admission, and age and gender of the patients. All patients included in this study were diagnosed with CHD according to the International Classification of Diseases, Revision 10 (ICD-10), which includes acute myocardial infarction (I21---I22), unstable angina (I20.0), stable ischemic heart disease (I20 except I20.0, I25), and other types of CHD (including recent complications after acute myocardial infarction and other acute ischemic heart disease, I23---I24). This study included daily hospital admission records of 6775 patients with CHD and was approved by the ethical standards of the Committee on Human Experimentation of the China Medical University. The patients agreed to review the case report for scientific research, and this study follows the principle of confidentiality and the Helsinki declaration. The study keeps patient data strictly confidential.

Meteorological Data {#S0002-S2002}
-------------------

We collected historic climate data for the period between January 2017 and June 2019 from the Tongliao Meteorological Administration. Average daily values for air temperature, air pressure, relative humidity, wind velocity, sunshine duration and water vapor pressure were collected by weather stations across Tongliao, and used in this study. Any weather stations that did not record any of the above meteorological variables were not considered for inclusion in the analysis.

Statistical Analysis {#S0002-S2003}
--------------------

ANOVA or Chi-square test was used to evaluate the correlation between the number of CHD daily hospitalizations and sample characteristics such as age, gender, season classification. Simultaneously, we divided the study population into two groups based on median age as group 1 (≤66 years) and group 2 (\>67 years). The number of CHD daily hospitalizations and the average daily air temperature were classified into quartiles as follows: (a) min (≤4), 25% (5--7), 75% (8--10), and max (≥11); (b) min (≤−5), 25% (−4.8--9.2), 75% (9.3--20.1), and max (≥20.2). The cold season (lasts from October to March), which the warm season (runs from April to September). Ordinal logistic regression was used to explore the relationship between average daily air temperature and the number of CHD daily hospitalization quartiles. Statistical analyses were conducted using SPSS ver. 20.0 software (IBM). A P-value of less than 0.05 was regarded as statistically significant.

Result {#S0003}
======

Description of the Study Population {#S0003-S2001}
-----------------------------------

As shown in [Table 1](#T0001){ref-type="table"}, data on daily hospitalizations were recorded, retrieved for 6775 CHD patients; their mean age was 65.76±11.18 years and 52.2% were male.Table 1The Characteristics of CHD Patients by Levels of Daily CHD HospitalizationsCHD Daily Hospitalization Quartile1(655)2(1383)3(1884)4(2853)Total(6775)Mean±SD Age67.13±11.3466.39±11.4265.59±10.9265.26±11.1565.76±11.18\<0.001N (%) Female342(52.20%)695(50.30%)988(52.40%)1511(53.00%)3536(52.20%)0.545 Male313(47.80%)688(49.70%)896(47.60%)1342(47.00%)3239(47.80%)Season Cold season288(43.97%)646(46.71%)993(52.71%)1894(66.39%)3821(56.40%)\<0.001 Warm season367(56.03%)737(53.29%)891(47.29%)959(33.61%)2954(43.60%)

Description of the Meteorology {#S0003-S2002}
------------------------------

The distribution of weather factors in Tongliao from January 2017 to June 2019 is summarized in [Table 2](#T0002){ref-type="table"}. Tongliao's climate is typically temperate with continental monsoon characterized by hot, rainy summers, and cold, dry winters.Table 2The Summary of Descriptive Statistics During the Weather Conditions in 2017--2019Daily Weather ConditionsMean±SD25%50%75%Cold season (Oct--Mar) Air temperature−10.10−4.803.20−3.46±8.41 Air pressure996.31001.101005.4100.87±6.73 Wind velocity1.802.303.002.47±0.80 Relative Humidity33.0040.0048.0041.57±11.59 Sunshine duration7.007.908.807.41±2.89 Water vapor pressure0.100.301.201.13±1.73Warm season (Apr--Sep) Air temperature15.4020.3024.1019.57±6.21 Air pressure982.90986.60990.7986.97±5.71 Wind velocity2.002.503.002.70±0.93 Relative Humidity32.0053.0070.0051.91±21.24 Sunshine duration6.908.4011.308.39±3.96 Water vapor pressure0.802.0011.506.84±8.47All season Air temperature−5.009.2020.107.87±13.69 Air pressure986.20993.701001.30994.03±9.35 Wind speed1.902.403.102.58±0.87 Humidity32.5043.0058.0046.66±17.79 Sunshine hours6.907.929.807.89±3.33 Water vapor pressure0.200.903.203.94±6.71

Relationship Between Air Temperature and CHD {#S0003-S2003}
--------------------------------------------

[Table 3](#T0003){ref-type="table"} shows that after controlling for confounding factors such as air pressure, wind velocity, relative humidity, sunshine duration and water vapor pressure, low air temperature may be a risk factor for CHD. Additionally, lower air temperature was associated with CHD daily hospitalization quartiles, irrespective of the age group (OR=5.61, 95% CI: 2.35--13.40; OR=2.43, 95% CI: 1.02--5.77). [Table 4](#T0004){ref-type="table"} shows that the relationship between air temperature and CHD daily hospitalization quartiles was more significant in the warm season than in the cold season, irrespective of whether patients were less than 66 years old or greater than 66 years old (OR=5.09, 95% CI: 2.00--12.94; OR=3.32, 95% CI: 1.27--8.71).Table 3The Relationship Between Air Temperature and CHD HospitalizationsCHD Daily Hospitalization QuartileModel 1Model 2≤66\>67ALL≤66\>67ALLAir temperature 12.78 (1.72, 4.48)2.33 (1.44, 3.77)2.57 (1.83, 3.60)5.61 (2.35, 13.40)2.43 (1.02, 5.77)3.69 (2.01, 6.77) 23.62 (2.22, 5.92)2.58 (1.60, 4.15)3.01 (2.14, 4.23)5.86 (2.79, 12.32)2.71 (1.32, 5.58)3.86 (2.31, 6.44) 32.13 (1.32, 3.41)1.58 (0.97, 2.56)1.86 (1.33, 2.60)2.46 (1.32, 3.41)1.69 (0.94,3.04)2.09 (1.39,3.14) 4ReferenceReferenceReferenceReferenceReferenceReference[^1] Table 4The Relationship Between Air Temperature and CHD Hospitalizations After Adjusting Other Meteorological Factor in Cold Season and Warm SeasonAir TemperatureCHD Daily Hospitalization QuartileModel 1Model 2≤66\>67ALL≤66\>67ALLCold season 10.79 (0.40, 1.60)1.20 (0.63,2.27)1.03 (0.65,1.65)1.11 (0.45,2.75)1.01 (0.46,2.25)1.03 (0.57,1.87) 20.60 (0.31,1.19)1.21 (0.63,2.33)0.92 (0.58,1.47)0.73 (0.33,1.59)1.09 (0.53,2.25)0.89 (0.53,1.50) 30.74 (0.37,1.48)1.42 (0.74,2.73)1.09 (0.68,1.73)0.83 (0.40,1.73)1.40 (0.69,2.87)1.08 (0.65,1.77) 4ReferenceReferenceReferenceReferenceReferenceReferenceWarm season 13.68 (1.81,7.46)2.47 (1.24,4.91)3.02 (1.85,4.94)5.09 (2.00,12.94)3.32 (1.27,8.71)4.48 (2.32,8.68) 23.53 (1.77,7.04)2.35 (1.16,4.76)3.01 (1.84,4.92)4.21 (1.90,9.33)2.77 (1.35,6.27)3.71 (2.11,6.51) 32.24 (1.11,4.50)1.91 (0.96,3.81)2.07 (1.27,3.37)2.61 (1.28,5.33)2.05 (1.04,4.20)2.41 (1.46.3.98) 4ReferenceReferenceReferenceReferenceReferenceReference[^2]

Discussion {#S0004}
==========

This study illustrates that greater numbers of CHD daily hospitalization strongly coincided with a reduction of air temperature in Tongliao, China. Additionally, the association between low air temperature and acute CHD morbidity showed seasonal variation as, in the warm season, low air temperature was related to an increase in the number of CHD daily hospitalizations.

A relationship between weather factors and CHD has been reported in many countries,[@CIT0010],[@CIT0011] and with global warming, the impact of rising temperatures on health has caused widespread concern. Many studies have shown that there is a correlation between air temperature and CHD, especially under extreme temperature conditions,[@CIT0012]--[@CIT0015] as the risk of CHD is significantly higher; however, Gasparrini has pointed out that the number of deaths caused by temperature far exceeds those due to extreme temperatures.[@CIT0015] Since 1938, the impact of low air temperature on CHD has drawn attention around the world,[@CIT0016] and recent studies have also shown that low air temperature may be a risk factor for CHD.[@CIT0006],[@CIT0017] The results presented here are consistent with these observations. The underlying pathophysiological mechanism for this relationship is that low air temperature could cause an increase in blood pressure and blood viscosity, which in turn accounts for the low air temperature effects on CHD.[@CIT0018],[@CIT0019] However, we showed that low air temperature during the warm season may be associated with an increase in the number of CHD daily hospitalizations, and that this relationship does not hold true during the cold season. One possible explanation is that the study area is located in Northeast China. It is cold in winter and the elderly go out less frequently; Therefore, they are exposed to low air temperature for a shorter duration. Another reason is that outdoor activities are more frequent in the warm season than in the cold season. Importantly, the effect of air temperature on cardiovascular diseases has been described by U-shaped or V-shaped functions, implying that mortality is high both at very low and at very high temperatures.[@CIT0020]--[@CIT0024] The annual average temperature of the study area is 0--6°C, and the results reported here correspond to the left part of the U-shaped or V-shaped distribution. However, one study has suggested that air temperature was not significantly correlated to myocardial infarction (MI) in winter, which in contrast to the results described here. This discrepancy can be explained as follows: (a) The current wide usage of climatic devices, such as air conditioners have altered the ambient temperature that people were accustomed to and (b) the ethnicity of the subjects, the climatic conditions of the area in which the study was conducted, and the environmental background potentially caused differences in the results.

We show that in the various age groups, lower air temperature was significantly associated with daily CHD hospitalizations. More than 70% of the patients in this study were older than 60 years, and almost all were elderly. Some studies have shown that CHD mortality in the elderly is linked to low air temperature[@CIT0025]--[@CIT0027] as the ability to control the body temperature control decreases in the elderly with age,[@CIT0022],[@CIT0023] which makes the elderly more sensitive to cold temperatures.[@CIT0028],[@CIT0029] Additionally, several studies have suggested the presence of elevated fibrinogen levels among the elderly during winter, which is a marker of systemic inflammation.[@CIT0019],[@CIT0030],[@CIT0031] Schneider has observed that fibrinogen levels were associated with a decrease in air temperature among patients with MI.[@CIT0032] Another study showed enhanced FVII clotting activity values among the elderly. An increase in FVII could cause the blood to be in a hypercoagulable state.[@CIT0030] Once a coronary atherosclerotic plaque ruptures, a localized and strong clotting reaction is more likely to result in persistent, complete vascular occlusion. Therefore, FVII is closely associated with MI or fatal coronary events.[@CIT0033] However, the mechanisms that cause CHD are complex. In addition to external environmental factors, genetic factors and daily habits are also important players.[@CIT0034] Therefore, further studies are needed to validate these results.

Limitations {#S0005}
===========

First, this study did not consider the relationship between extreme air temperature and CHD daily hospitalizations. Second, we mainly considered the incidence of acute CHD; therefore, we did not perform hysteresis analysis. Third, patients in this study are not representative of the general Chinese population, and we could not make causal inferences.

Conclusions {#S0006}
===========

Low air temperature might be a risk factor for CHD among the elderly, especially in the warm season. This study provides evidence that describe the effects of low air temperature on acute CHD morbidity and also provides suggestions for preventing acute CHD in the elderly. Furthermore, most of the temperature-related disease burden was attributable to cold temperatures. The effect of days of milder but non-optimum weather was substantially more than that attributable to extreme air temperature. Our results are important for planning public health interventions to minimize the health effects of adverse temperatures and predict the impact of climate change scenarios.
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[^1]: **Notes:** Model 1: Unadjusted; Model 2: Adjusted for air pressure, wind velocity, relative humidity, sunshine duration, water vapor pressure.

[^2]: **Notes:** Model 1: Unadjusted; Model 2: Adjusted for air pressure, wind velocity, relative humidity, sunshine duration, water vapor pressure.
